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PATENT 
Docket No.: 12394/1 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICANTS Shigemi SHIOYA et al. 

SERIAL NO. : (Natl. Phase of PCT/JP00/051 37) 

FILED : 26 February 2002 

FOR ENERGY ABSORBING TYPE STEERING DEVICE, AND 

METHOD AND DEVICE FOR ASSEMBLING THE 
STEERING DEVICE 

ASSISTANT COMMISSIONER 

FOR PATENTS 
Washington, D.C. 20231 

PRELIMINARY AMENDMENT 

SIR: 

Prior to examination of this national phase application, please enter the 
following amendments. 

In the Specification : 

Please amend the specification as follows: 

Page 12, line 22: Change "BEST MODE FOR PRACTICING THE INVENTION" to 
- DETAILED DESCRIPTION - 

In the Abstract : 

Please replace the Abstract with the following new Abstract: 

- Energy absorbing steering devices may include an outer cylindrical member 
(OU) that is press-fited around an inner shaft member (IN). The outer shape of the 
inner shaft member and the inner shape of the outer cylindrical member have a 
circular cross-section and the diameter of the inner shape of the outer cylinder 
member is larger than the diameter of the outer shape of the inner shaft member. A 
plurality of fine members (W) is disposed along the axial direction between the 
circular cross-sectional outer shape and the circular cross-sectional inner shape in 



order to provide a clearance (G) between the inner shaft member and the outer 
cylindrical member. The arrangement of the fine members may be modified in order 
to adjust the rigidity of relative movement along the axial direction of the outer 
cylindrical member and the inner shaft member. - 

In the Claims: 

Please cancel claims 1-15 and enter the following new claims: 

16. An apparatus for absorbing energy comprising: 

an inner shaft member having an outer surface that is circular in cross- 
section, 

an outer cylindrical member press-fitted around the inner shaft member, the 
outer cylindrical member having an inner surface that is circular in cross-section and 
the diameter of the inner surface of the outer cylindrical member is larger than the 
diameter of the outer surface of the inner shaft member, and 

a plurality of fine members interleaved between the outer cylindrical member 
and the inner shaft member, the fine members extending along a straight line along 
an axial direction of the inner shaft member and the outer cylinder member. 

17. An apparatus as in claim 16, wherein the fine members have a Vickers 
hard ness and either (1 ) the inner shaft member has a Vickers hardness that differs 
by at least 200 from the Vickers hardness of the fine members or (2) the outer 
cylindrical member has a Vickers hardness that differs by at least 200 from the 
Vickers hardness of the fine members. 

18. An apparatus as in claim 16, wherein the plurality of fine members are 
arranged to require a pre-determined pressing load in order for the outer cylindrical 
member to axially displace relative to the inner shaft member. 

19. An apparatus as in claim 16, wherein an axially extending clearance is 
defined between the inner shaft member and the outer cylindrical member and 
proximal to the fine members. 



20. An apparatus as in claim 16, wherein the length of the fine members 
along the axial direction is longer than or equal to a predetermined length that 
ensures a clearance between the inner shaft member and the outer cylindrical 
member when the inner shaft member and the outer cylindrical member absorb 
energy and become more deeply fitted. 

21. An apparatus as in claim 16, further comprising means for preventing 
movement of the fine members in the axial direction. 

22. An apparatus as in claim 16, wherein the fine members further comprise 
a coupling portion that fixedly couples the fine members to an end face of the inner 
shaft member or to an end face of the outer cylindrical member. 

23. An apparatus as in claim 22, further comprising means for preventing the 
coupling portions of the fine members from dislodging from the end face of the inner 
shaft member or the end face of the outer cylindrical member. 

24. An apparatus as in claim 23, wherein the fine members have a Vickers 
hardness and either (1 ) the inner shaft member has a Vickers hardness that differs 
by at least 200 from the Vickers hardness of the fine members or (2) the outer 
cylindrical member has a Vickers hardness that differs by at least 200 from the 
Vickers hardness of the fine members. 

25. An apparatus as in claim 24, wherein the length of the fine members 
along the axial direction is longer than or equal to a predetermined length that 
ensures a clearance between the inner shaft member and the outer cylindrical 
member when the inner shaft member and the outer cylindrical member absorb 
energy and become more deeply fitted. 

26. An apparatus as in claim 16, wherein the inner shaft member is an inner 
tube or an inner shaft and the outer cylindrical member is an outer tube or an outer 
shaft. 

27. A method for assembling a steering device comprising: 



extending a plurality of fine members along the axial direction of an 
outer surface of an inner shaft member or an inner surface of an outer cylindrical 
member, and 

press-fitting the outer cylindrical member around the inner shaft 
member, wherein the fine members are disposed within a clearance defined 
between the inner shaft member and the outer cylindrical member at least along the 
length of the fine members that are interleaved between the inner shaft member and 
the outer cylindrical member. 

28. A method as in claim 27, wherein during the press-fitting step, at least 
one of the inner shaft member, the outer cylindrical member, or the fine members is 
deformed beyond an elastic limit thereof. 

29. A method as in claim 27, further comprising during the press-fitting step: 

measuring the pressing load being applied, and 
cutting the fine members when the measured pressing load reaches a 
predetermined value. 

30. A method as in claim 29, wherein during the press-fitting step, at least 
one of the inner shaft member, the outer cylindrical member, or the fine members is 
deformed beyond an elastic limit thereof. 

31. A method as in claim 27, wherein a predetermined length of the plurality 
of fine members is extended along the axial direction of the inner shape of the outer 
cylindrical member, and the inner shaft member is press-fitted while preventing the 
fine members from being axially pulled further into the outer cylindrical member. 

32. A method as in claim 31, wherein during the press-fitting step, at least 
one of the inner shaft member, the outer cylindrical member, or the fine members is 
deformed beyond an elastic limit thereof. 

33. An apparatus for assembling a steering device comprising: 



means for extending a plurality of fine members along the axial 
direction of an outer surface of an inner shaft member or an inner surface of an 
outer cylindrical member, and 

means for press-fitting the outer cylindrical member around the inner 
shaft member, wherein the fine members are disposed within a clearance defined 
between the inner shaft member and the outer cylindrical member at least along the 
length of the fine members that are interleaved between the inner shaft member and 
the outer cylindrical member. 

34. An apparatus as in claim 33, further comprising means for deforming at 
least one of the inner shaft member, the outer cylindrical member, or the fine 
members beyond an elastic limit thereof. 

35. An apparatus as in claim 33, further comprising: 

means for measuring the pressing load being applied by the pressing 

means, and 

means for cutting the fine members when the measured pressing load 
reaches a predetermined value. 

36. An apparatus as in claim 33, wherein the extending means extend a 
predetermined length of the plurality of fine members along the axial direction of the 
inner shape of the outer cylindrical member, and the press-fitting means prevent the 
fine members from being axially pulled further into the outer cylindrical member. 

37. An apparatus as in claim 16, wherein the movement of the fine members 
in the axial direction is prohibited with respect to one of the inner shaft member and 
outer cylindrical member and is allowed with respect to the other of the inner shaft 
member and outer cylindrical member. 

38. An apparatus as in claim 16, wherein the cross-section of each fine 
member is circular. 

39. An apparatus as in claim 16, wherein each fine member is made of steel 

wire. 



40. An apparatus as in claim 16, wherein each fine member is made of steel 
wire having a property such that the rigidity is increased when bent. 

41 . An apparatus as in claim 33, further comprising a drum for winding fine 
members, wherein wound fine members are pulled from the drum while press-fitting 
the inner shaft member into the outer cylindrical member. 



REMARKS 



The specification has been amended to change a sub-title to U.S. format. 
Glaims 1-15 have been deleted and a new Abstract has been provided. 

Examination in light of these amendments is respectfully requested. 

The Office is hereby authorized to charge any additional fees under 37 C.F.R. 
§ 1 .16 or § 1 .17 or credit any overpayment to Deposit Account No. 1 1-0600. 



KENYON & KENYON 

1500 K Street, N.W., Suite 700 

Washington, D.C. 20005-1257 

Tel: (202)220-4200 
Fax: (202) 220-4201 




Respectfully submitted, 



Dated: 26 February 2002 
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ENERGY ABSORBING TYPE STEERING DEVICE AND METHODS AMD 
APPARATUS FOR ASSEMBLING THE STEERING DEVICE 



BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to techniques for 
readily producing steering devices having uniform energy 
absorption performance. Herein, ^uniform' means that 
variations (in energy absorption performance) from product 
to product are small, 

^ Description of the Related Art 

•s-ssF ' 

Q Known energy absorbing type steering devices include 

! s f| 

;;k a cylindrical steering tube (often referred to as a column) 
U| that surrounds a steering shaft- The steering tube is 
I? formed by fitting an inner tube into an outer tube* If 
energy is applied to the steering shaft, the tubes become 
more deeply fitted in order to absorb the energy. Another 
known absorbing type steering device includes a steering 
shaft. The steering shaft is formed by fitting an inner 
shaft into an outer shaft. The shafts become more deeply 
fitted when energy is absorbed. In yet another known 
energy absorbing type steering device, a steering tube is 
attached to a vehicle body so as to be axially 
displaceable. In response to energy being applied to the 
steering shaft, the steering tube is displaced relative to 
the vehicle body in order to absorb the energy . 

All the above-described energy absorbing type 
steering devices absorb energy applied to the steering 
shaft by allowing the inner shaft member, which is fitted 
within the outer cylindrical member, to axially displace 
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relative to the outer cylindrical member. 

In a steering tube formed from an inner tube and an 
outer tube, the outer tube serves as an outer cylindrical 
member and the inner tube serves as an inner shaft member. 
In a steering shaft formed from an inner shaft and an outer 
shaft, the outer shaft serves as an outer cylindrical 
member and the inner shaft serves as an inner shaft member. 
In a structure in which a displaceable steering tube is 
attached to a vehicle body, an outer cylindrical member 
secured to a bracket that is affixed to the vehicle body 
serves as an outer cylindrical member. In this case, the 
steering tube serves as an inner shaft member. 

During the manufacture of such energy absorbing type 
yj steering devices, variations in energy absorption 
j«M performance from product to product within the same lot 
gjj must be very small. 

;■ Japanese Unexamined Patent Publication No. 56-8755 

3 ; and Japanese Unexamined Utility Model Publication No. 56- 
6669 disclose techniques that address the above-described 
requirement. These references describe an energy- 

absorption steering device, in which an inner shaft is 
pressed into an outer shaft and a fine member, such as a 
piano wire, is interleaved between the shafts, thereby 
minimizing variations in energy absorption performance from 
product to product* 

In a steering shaft, the rigidity of outer and inner 
shafts should not be too great along the axial direction in 
order to provide the required energy absorption 
performance; however, the rigidity thereof should be 
sufficiently great in the rotating direction in order to 
prevent the shafts from rotating relative to each other. 
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In order to satisfy these requirements , the above-described 
prior art steering devices ensure satisfactory transmission 
of torque by pressing an inner shaft having an oval cross 
section into an outer shaft having inner shape whose cross 
section is similar to the shape of the inner shaft. These 
prior art steering devices dispose a single piano wire 
between the shafts in order to prevent the axial rigidity 
from varying between products. 

In the above-described prior art steering devices, 
the oval cross section of the shaft ensures the 
transmission of the required torque. However, the inner 
shaft and the outer shaft contact at least at one point in 
the cross section. Therefore, energy absorption 

performance is directly affected by differences in the 
i ; j finish of the outer surface of inner shaft and the inner 
\p surface of outer shaft and by the dimensional tolerances of 
.!/ these components- Thus, realization of uniform energy 
C3 absorption performance is hindered, 

IBS 

2 A steering tube made of an inner tube and an outer 

O tube also has the same problem* Differences in the finish 
ilJl of the outer surface of inner tube and the inner surface of 
outer tube, and the dimensional tolerances of the 
components, directly cause variations in energy absorption 
performance and impede uniform energy absorption 
performance . 

In a structure in which a displaceable steering tube 
is attached to a vehicle body, direct contact of an outer 
cylindrical member that is fixed to the vehicle body via a 
bracket, and the steering tube results in large variations 
in energy absorption performance. In order to achieve 
uniform energy absorption performance, as shown in Japanese 
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Unexamined Patent Publication No, 8-20348/ a cylindrical 
spacer made of a rigid synthetic resin is interleaved 
between the steering tube and the outer cylindrical member. 
Thus, a special spacer must be provided to impart uniform 
performance. 

Accordingly, it is an object of the present invention 
to realize techniques that significantly decrease the 
effect of differences in the tolerances of components and 
variations in the finishes thereof on energy absorbing 
performance as compared to prior art techniques, and more 
specifically, to realize techniques for setting the energy 
absorption performance of each product at a predetermined 
constant level, even if the tolerances of the components 
and variations in the finishes thereof differ between 
products. It is another object of the present invention to 
provide such structures at a relatively low cost. 

DISCLOSURE OF THE INVENTION 

Energy absorbing type steering devices according to 
the present invention are characterized in that an inner 
shaft member is press-fitted into an outer cylindrical 
member/ the inner -shaft member having a circular cross- 
sectional outer shape and the outer cylindrical member 
having a circular cross-sectional inner shape that is 
larger in diameter than the inner shaft member; and, a 
plurality of fine members is disposed between the circular 
cross-sectional outer shape and the circular cross- 
sectional inner shape such that the fine members extend 
along the axial direction of the members. 

According the above description, pressing the inner 
shaft member into the outer cylindrical member also means 
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pressing the outer cylindrical member around the inner 
shaft member. Both pressing operations are equivalent and 
generate the same result. 

In the steering devices * of the present invention, 
because a plurality of fine members is disposed between the 
inner shaft member and the outer cylindrical member, the 
dimensional tolerances of the inner shaft member and outer 
cylindrical member and variations in the surface conditions 
of the members have little effect on energy absorption 
performance and thus, a robust technique is achieved. 

By experimentation/ the inventors confirmed that by 
q interleaving a plurality of fine members between the inner 
© shaft member and the outer cylindrical member, both of 
.g which have circular cross^sections and thus can easily 
W rotate relative to each other, the inner shaft member can 

; 5 be press-fitted within the outer cylindrical member rigidly 

in the rotating direction and less rigidly along the axial 
J direction so that appropriate energy absorption performance 
I;* is ensured. A single fine member disposed between the 

q shaft member and the cylindrical member does not provide 

ry the same results as a plurality of fine members. That is, 
pressing the circular cross-sectional inner shaft member 
into the circular cross-sectional outer cylindrical member 
with a single fine member interleaved therebetween, while 
maintaining the appropriate rigidity in the axial 
direction, decreases rigidity in the rotating direction* 
Thus, sufficient torque transmission is not provided* In 
order to overcome this problem, prior art cylinders and 
shafts have utilized an oval cross-sectional shape, as 
shown in Japanese Unexamined Patent Publication No. 56-8755 
and Japanese Unexamined Utility Model Publication No 56- 
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6669, 

Energy absorbing type steering devices according to 
the present invention provide energy absorption performance 
that does not vary from device to device. In addition, the 
inner shaft member and the outer cylindrical member of each 
steering device are fitted together rigidly in the rotating 
direction and less rigidly in the axial direction to an 
appropriate degree- Further, the steering device is 
manufactured from circular cross-sectional members and fine 
members at a relatively low cost. 

By applying the present invention to a steering 
shaft, an inner shaft can be press-fitted within an outer 
Q shaft in a manner that reliably ensures transmission of 
Nji torque from one shaft to the other shaft. Therefore, 

'Ms?: 

m rotational slippage does not occur. Moreover, by applying 
l U the invention to a steering column, the inter tube and 
H outer tube are prevented from rotating relative to each 

other, which would hinder subsequent assembly steps. If 
the steering device according to the present invention is 
utilized between an outer cylindrical member, which is 
secured to a bracket that is affixed to a vehicle body, and 
a steering tube, the fitted together steering tube and 
outer cylindrical member are prevented from rotating 
relative to each other, which would make it difficult to 
perform subsequent assembly steps - 

In the axial direction of an energy absorbing type 
steering device, each fine member is preferably longer than 
or equal to a length that ensures a clearance between the 
inner shaft member and the outer cylindrical member when 
the steering device xs absorbing energy, which occurs when 
the inner shaft member is being pressed more deeply into 
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the outer cylindrical member. 

When this requirement is satisfied, uniform energy 
absorption performance, or energy absorption, is achieved 
when the inner shaft member axially displaces relative to 
the outer cylindrical member. 

In addition, the difference in Vickers hardness 
between the inner shaft member and each fine member or 
between the outer cylindrical member and each fine member 
is preferably at least 200, It does not matter whether the 
Vickers hardness of fine member is greater or less than the 
inner shaft member and the outer cylindrical member. 
J«j This requirement ensures plastic deformation of the 

l ^ inner shaft member and outer cylindrical member or plastic 
ijjj deformation of the fine members when the inner shaft member 
j? J| is press -fitted into . the outer cylindrical member. 
Accordingly/ uniform energy absorption performance is 
ensured regardless o£ the manufacturing tolerances of the 

r5 g members. 

The positions of fine members are preferably selected 
"1 in accordance with the pressing load that is required to 
V press-fit the inner shaft member within the outer 
cylindrical member. 

For example, when four fine members are disposed at 
regular intervals (i.e./ at ninety-degree intervals about 
the center of the inner shaft member) , the inner shaft 
member is fitted into the outer cylindrical member so as to 
ensure high axial rigidity. On the other hand, when two 
pairs of spaced apart fine members are disposed such that 
the angle about the center of the inner shaft member is 
divided, e.g., into 60 degrees, 120 degrees, 60 degrees, 
and 120 degrees, the inner shaft member is fitted within 
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the outer shaft member so that low axial rigidity is 
ensured. 

That is/ by changing the circumf erential arrangement 
of the fine members, steering devices having different 
energy absorption performances can be produced using the 
same members- Accordingly, energy absorbing type steering 
devices can be produced by changing the circumferential 
arrangement of the fine members in accordance with the 
pressing load that is required to press-fit the inner shaft 
member into the outer cylindrical member. 

Further, the fine members preferably are fixedly 
S coupled to an end face of the inner shaft member or the 
outer cylindrical member in order to prevent movement of 
the fine members in the axial direction* 

When this requirement is satisfied, the inner shaft 
member is securely press-fitted within the outer 
cylindrical member with the fine members disposed between 
the members. Also, when energy is applied to the steering 
device and the inner shaft member becomes more deeply 
fitted into the outer cylindrical member, the fine members 
are maintained at a constant axial position with respect to 
either the inner shaft member or the outer cylindrical 
member, thereby ensuring uniform energy absorption 
performance when energy is absorbed. 

A pull-in prevention means is preferably provided at 
a coupling portion of each fine member and the coupling 
portion is attached to the end face of the inner shaft 
member or the outer cylindrical member. For example, the 
pull-in prevention means may include a loop in the fine 
member that prevents the coupling portion from being pulled 
into the clearance between the inner shaft member and the 
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outer cylindrical member. 

Because the pull-in prevention means prevents the 
coupling portion from being pulled into the clearance, 
energy absorption performance becomes substantially 
uniform. 

The present invention also provides innovative 
methods for assembling energy absorbing type steering 
devices- Methods for assembling energy absorbing type 
steering devices / in which an inner shaft member is press- 
fitted into an outer cylindrical member, are characterized 
y> by a step of extending a plurality of fine members in the 
axial direction along the outer shape of the inner shaft 
jj| member or along the inner shape of the outer cylindrical 
%f member and a step of press-fitting the inner shaft member 

J} g into the outer cylindrical member with the fine members 

[ H disposed between the inner shaft member and the outer 

q cylindrical member so that the fine members provide a 

clearance between both members. 

This method facilitates assembly of steering devices 
having uniform energy absorption performance . 

In the above^-described assembling method, at least 
one of the inner shaft member, the outer cylindrical 
member, or the fine members preferably deforms beyond the 
respective elastic limit thereof- When one deforms past 
its elastic limit, or is plastically deformed, the adverse 
effects of dimensional tolerances of the members decrease, 
which provides an extremely uniform energy absorption 
performance. 

In this method, the load that is applied to press-fit 
the inner shaft member into the outer tube member 
preferably is measured and the fine members are preferably 
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cut when the measured load reaches a predetermined value . 

Thus, by using this method, steering devices can be 
reliably assembled so as to have an energy absorption 
performance that is adjusted to a predetermined value. 

In the alternative, according to this method., a 
predetermined length of the fine members may preferably be 
axially positioned along the inner shape of the outer 
cylindrical member and the inner shaft member may 
preferably be press-fitted into the outer cylindrical 
member while preventing the fine members from being axially 
U drawn into the outer cylindrical member. 

a 

i<4| By using this method, the lengths of the fine members 

Cfi disposed between the shaft member and the cylindrical 

member can be accurately determined and steering devices 
l M that provide uniform energy absorption performance can be 

more easily assembled. 
Q The present invention furtner provides innovative 

2 apparatus for assembling steering devices. The assembling 

□ apparatus includes a device that press- fits an inner shaft 

;; ;rj member into an outer cylindrical member and a fine-member 

supply device that supplies a plurality of fine members to 
the clearance between the outer shape of the inner shaft 
member and the inner shape of the outer cylindrical member. 
The fine-member supply device is disposed adjacent to the 
press-fitting device. 

According to this apparatus, steering devices having 
uniform energy absorption performance are easily and 
efficiently assembled. 

In this apparatus, the fine-member supply device 
preferably can be adjusted with respect to the 
circumferential direction of the inner shaft member and 
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outer cylindrical member. Such an apparatus enables the 
production of energy absorbing type steering devices having 
various levels of rigidity with respect to the axial 
direction, 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 schematically shows a steering tube according 
to one embodiment of the present invention. 

Fig. 2 is a cross-sectional view taken along line II- 
II shown in Fig. 1. 

Figs. 3(A), (B) / and (C) show fine members before and 
after the steering tube is assembled. 
!;r Fig- 4 is a graph showing a relationship between 

! fl material deformation and load. 

1 sl 

^~ Fig 5 shows an assembling apparatus according to a 

W first embodiment . 

Fig. 6 is a cross- sectional view of a fitted portion 
of a steering tube assembled by the apparatus of Fig. 5. 

Fig. 7 is a cross-sectional view taken along line 
VI I -VI I in Fig. 6. 

Fig. 8 shows an assembling apparatus according to a 
second embodiment. 

Fig. 9 is a cross-sectional view of a fitted portion 
of a steering tube assembled by the apparatus of Fig- 8, 

Fig. 10 shows a bending mechanism incorporated into 
the apparatus of Fig. 8. 

Fig. 11 is a graph showing a relationship between 
pressing depth and load. 

Fig* 12 shows an assembling apparatus according to a 
third embodiment. 

Fig. 13 is a graph showing a relationship between 
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pressing depth and load. 

Fig. 14 shows examples of fine members. 
Fig. 15 shows examples of the cross section of the 
fine members. 

Figs. 16(A) and <B) show two examples of the fine 
members . 

Figs, 17(A), (B) , (C) , and (D) show another two 
examples of the fine members. 

Figs. 18(A), (B)> (C), (D) and (E) show further 
examples of the fine members. 

Figs. 19(A), (B>, (C) , (D) , (E) , and (F) show further 
examples of fine members. 

Figs. 20(A), (B), CO, (D) , (E) , (F) , and (G) show 
further examples of fine members. 

Figs. 21(A), (B) , (C), and (D) show the relationship 
between the fine members and the end face of the tube. 

Figs. 22(A), (B), (C), (D), (E) , and (F) show the 
relationships between different arrangements of the fine 
members and axial rigidity. 

Figs. 23(A), (BJ , (C) , (D) , (E) , and (F) show 
examples of different arrangements of the fine members. 
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BEST MODE FOR PRACTICING THE INVENTION 

Embodiments according to the present invention will 
hereinafter be described with reference to the accompanying 
drawings . Figs, 1 and 2 schematically show the positional 
relationship of inner tube IN fitted within outer tube OU. 
The outer shape of inner tube IN has a circular cross 
section and the inner shape of outer tube OU also has a 
circular cross section. The inner diameter of outer tube 
OU is larger than the outer diameter of inner tube IN. 
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When both tubes are fitted together, annular -shaped gap G 
is defined between tubes IN and OU, A plurality of fine 
members W is fitted within gap G between tubes IN and OU. 
The outer diameter of each of fine members W y before bein^ 
fitted therein, is larger than the width of gap G, which 
means that fine members W are squeezed within gap G- Fine 
members w are disposed such that outer tube OU and inner 
tube IN are maintained at coaxial relationship. The number 
of fine members is preferably greater than or equal to 
three- However, two bent fine members also can be utilized 
to maintain inner tube IN and outer tube OU at coaxial 
W U relationship. 

3 Fine members W are less rigid than tubes IN and OU. 

CB 

• » Each fine member W, which has a circular cross section 

W before being fitted into the gap as shown in Figs. 3(A), is 
S plastically deformed when fitted therein as shown in Figs. 

3(B). This will become clear by referring to ws in Fig. 
3(C) . In the alternative, fine members W may be more rigid 
than tubes IN and OU, in which case the tubes will 
plastically deform when receiving fine members .W. This 
will also become clear by referring to WH in Fig. 3(C). 
Depressions are formed within both the portion of the outer 
wall of tube IN and the portion of the inner wall of tube 
OU that contact a common fine member. Moreover, the 
portions adjacent to the depressions are distended. 

Tubes IN and OU and fine members W may all have equal 
rigidity, in which case all these components will 
plastically deform when fitted together. 

Fig. 4 shows the relationship between the load 
applied to each component and its deformation. when 
deformed beyond its elastic limit, the load becomes 
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constant regardless of the amount of deformation. In the 
present invention, because at least one of tube IN, tube 
OU, or fine member W is deformed beyond its elastic limit/ 
the components are fitted together using a substantially 
constant load. In Fig. 4, area D indicates the range of 
elastic deformation* By fitting the components together 
within the elastic range, the fitting load varies. In the 
present invention, by deforming at least one of the 
components within the plastic deformation level indicated 
by area E, the dimensional tolerances of the components are 
prevented from varying the fitting load. 

Fig- 5 shows an assembling apparatus according to the 
first embodiment of the present invention. First column 
50B is fixed to base 5QA. Jig 50C vertically positions 
outer tube OU and is disposed on the upper end of first 
column SOB. Cylinder 55C is fixed above jig 50C. Cylinder 
55C is fixed to first column SOB by a member, which is not 
shown. Another jig 55A vertically positions inner tube IN 
and is disposed at the lower end of piston 55B of cylinder 
55C. Outer tube OU and inner tube IN are coaxial ly 
positioned by respective jigs SOC, 55A. When jig 55A is 
lowered by cylinder 5SC, inner tube IN is pressed into 
outer tube OU. In other words, outer tube OU is press- 
fitted around inner tube IN. In this specification, there 
is no difference in meaning between these two expressions. 

Four fine member supply devices 60 are disposed near 
first column SOB. The fine member supply devices are all 
identical in structure. Therefore, the following 

description will be focused on only one. 

Fine member supply device 60 includes second column 
SOD, which is fixed to base 50A. Arms 51A, 5 IB are mounted 
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on second column SOD via cylinders, which are not shown, so 
as to be selectively moved upward or downward. Fine member 
W is wound around drum SID, which faces side arm 51A and 
freely rotates. Three fine members Wl, W3, W4 are shown in 
the drawing and fine member W2 is blocked from view. 
Hereinafter, reference numerals will t>e omitted for the 
description of the common features of fine members Wl, W2, 
W3, W4. 

Wrist 51C is disposed at the upper end of arm 51B and 
can rotate about pin 53. A pair of fine member supply 
rollers 52 is rotatably mounted on wrist 51C. The pair of 
rollers 52 is rotated by a motor, which is not shown. 
Cutter 54 for cutting fine member W is attached to the 
lower ^nd of wrist 51C. 

The assembling apparatus includes a device that 
presses outer tube OU around inner tube IN* The assembling 
apparatus also includes a fine member supply device that 
supplies fine members W into a clearance defined between 
the outer shape of inner tube IN and the inner shape of 
outer tube OU and the fine member supply device is adjacent 
to the pressing device. 

The operation of the assembling apparatus will now be 
described. First, outer tube OU is set on jig 50C, Then, 
fine member supply rollers 52 rotate a predetermined number 
of times so as to feed a predetermined length of fine 
member W. The fed fine member axially extends a 

predetermined length along the inner face of outer tube OU. 
At this time, four fine members W are circumf erentially 
arranged in such a manner as to be equally spaced apart 
from each other. In this state, each of fine member supply 
rollers 52 is prevented from rotating. Subsequently, inner 
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tube IN is held by jig 55A. Thereafter, cylinder 55c is 
actuated in order to press down jig S5A. As a result, 
inner tube IN is pressed into outer tube OU and four fine 
members W are axially disposed the predetermined distance 
along the inner face of outer tube OU, At this time, inner 
tube IN does not directly contact outer tube OU. While 
inner tube IN is being pressed into outer tube OU, each of 
fine member supply rollers 52 is prohibited from rotating 
so as to prevent fine members W from being further pulled 
into outer tube OU. 

After inner tube IN is pressed into outer tube OU, 
arms 51A, 5 IB are lowered in order to bend down fine member 
W, which extends from the upper face of outer tube OU. At 
this time, wrist SIC rotates about pin 53. Cutter 54 cuts 
bent fine member W at a line that is spaced by a 
J predetermined length from the face of the upper end of 
outer tube OU. Then, fine member w, which extends from 
outer tube OU, is further bent along outer tube OU using a 
tool. This operation will become clear by referring to 
□ Fig. 6. 

3 
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In a steering tube assembled in such a manner, outer 
tube OU is press-fitted around inner tube in, four fine 
members W are disposed a predetermined length along the 
inner shape of outer tube OU and the four fine members w 
are prohibited from boing axially pulled further into outer 
tube OU. Accordingly, fine member w extends between inner 
tube IN and outer tube OU and has been cut at a 
predetermined length. This feature contributes to ensuring 
uniform energy absorption performance. Four fine members W 
separate inner tube IN and outer tube OU from each other 
(i.e., clearance G exists in the space in which there is no 
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fine member W) , thereby preventing inner tube IK from 
directly contacting outer tube OU. This feature also 
contributes to ensuring uniform energy absorption 
performance. After assembling the steering tube, fine 
member W remains bent and fixed to the upper end face of 
outer tube OU. If energy is applied to both tubes IN and 
OU so that inner tube IN is pressed more deeply into outer 
tube OU, fine members N will reliably guide inner tube IN 
during the pressing operation while remaining fixedly 
coupled to the upper end face of outer tube OU- In 
addition, because fine members w are fixedly coupled to the 
upper end face of outer tube OU and are prohibited from 
moving in the axial direction, the energy absorption 
performance is uniform when energy is being absorbed. 
Further, by using a sufficient length of fine member W r 
tubes IN and OU are maintained in a parallel relationship 
when inner tube IN is pressed deeply into the outer tube 
OU. This sufficient length also prevents both tubes from 
bending and thus contacting each other. This feature 
prevents inner tube IN from directly contacting outer tube 
OU when energy is absorbed. The axial length of fine 
member W is predetermined in order to prevent inner tube IN 
from directly contacting outer tube OU when inner tube IN 
is further pressed into outer tube OU in order to absorb 
energy. Accordingly, the energy absorption performance is 
uniform when energy is absorbed. If three or more fine 
members are used, the tubes can be maintained in a parallel 
relationship. Therefore, any number of fine members, not 
less than three, may be used. In addition, two bent fine 
members can be utilized to fit together both tubes while 
providing a clearance between the tubes. 
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Fine member W of the above-described first embodiment 
is a steel wire that is more rigid than the tubes. The 
steel wire is made rigid by being processed. In the 
present embodiment, each tube wall that contacts the steel 
wire is deformed beyond its elastic limit. One tube is 
pressed into the other tube within the range of plastic 
deformation. Therefore, even if there are variations in 
the sizes of tubes IN and OU, the variations impart little 
adverse effect on the assembling load. 

The steering tube according to the present embodiment 
and the method for assembling steering tubes provide 
uniform energy absorption performance. Also, the apparatus 
for assembling steering tubes enables efficient assembling 
o£ steering tubes having uniform energy absorption 
performance. 

As mentioned above, the present invention is 
preferably utilized at a position between the outer tube 
and the inner tube. However, the present invention also 
may be utilized at a position between an outer shaft and an 



m 
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m 
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5 «* inner shaft/ in which case the inner shaft may be solid or 

Us? 

m tubular. The present invention can also be utilized at a 
position between an outer tube member of a bracket, which 
is affixed to a vehicle body, and a steering tube. 

Fig, 8 shows an assembling apparatus according to a 
second embodiment of the present invention. The main body 
of the device is equivalent to the main body of the device 
shown in Fig. 5. Thus, like elements will be denoted with 
the same reference numerals and will not be described in 
detail. 

In this assembling apparatus, a bending device, as 
shown in Fig. 10, is disposed adjacent to wrist SIC. In 
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Fig. 10, reference numerals 58 indicate a pair of gripping 
pawls, which grips the ends of the fine members, while 
reference numerals 57 indicate another pair of gripping 
pawls , which grips the fine members at a position higher 
than gripping pawls 58. Gripping pawls S8 are selectively 
turned upward or downward, as shown in Fig. 10(B). 
Therefore, gripping pawls 58 bend the end of fine member w. 
Fine member W becomes rigid due to processing. 
Accordingly/ the bent portion is rigid. 

The apparatus of Fig- 8 operates as follows. Outer 
tube OU is first set on jig 50C- Then, each of fine member 
supply rollers 52 is rotated a predetermined number of 
times in order to feed a predetermined length of fine 
member w. The fed fine member is aligned with the downward 
path of inner tube IN* By lowering inner tube IN, portions 
W1A, W2A, W3A, W4A of the ends of the respective fine 
members are placed into positions in which the respective 
portions will be fixed to the lower end face of hollow 
inner tube IN. In the same manner as the first embodiment, 
four fine members W are equally spaced apart from each 
other around the circumf erence. In this state, a motor 
freely permits each of fine member supply rollers 52 to 
rotate. Subsequently, inner tube IN is set on jig 55B. 
Cylinder 55C is actuated to press down jig 55B. When Jig 
55B is pressed down, the bent ends of the four fine members 
W are. fixedly coupled to the lower end face of lowered 
inner tube IN. When inner tube IN is further lowered, fine 
member w is further pulled from drum SID, Inner tube IN is 
further pressed down into outer tube OU with four fine 
members W interposed therebetween. As inner tube IN is 
pressed more deeply into outer tube IN, more of fine member 
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W is pulled from drum 51. Upon pressing inner tube IN to a 
predetermined depth, cylinder 55C is stopped. Cutter 54A 
then cuts fine member W on a line near the upper end face 
of outer tube OU. 

In steering tubes assembled with this apparatus, fine 
member w extends the depth of insertion of inner tube IN 
into outer tube 00. Thus, direct contact of tubes IN and 
0U is reliably prevented. In addition, the lengths of 
inner tube IN and outer tube 0U are predetermined so that 
tubes IN and OUT do not bend. This feature prevents both 
tubes from bending and contacting each other when the tubes 
are absorbing energy. 

When inner tube IN is inserted more deeply, fine 
member W becomes fixedly coupled to the lower end of inner 
tube IN. Thus, fine member W is prevented from axial ly 
displacing with respect to inner tube IN, and as a result, 
the lower end of inner tube IN does not directly contact 
the inner face of outer tube OU. By fixedly coupling fine 
member W to the lower end face of inner tube IN, movement 
of fine member W in the axial direction is prohibited with 
respect to inner tube IN/ thereby making the energy ' 
absorption performance of steering tubes assembled using 
this apparatus substantially uniform. 

A number of experiments were conducted by the 
inventors, which show that the energy absorption 
performance can be made substantially uniform by using fine 
members w having a Viewers hardness that is at least 200 
greater than the material of the tubes. This point will 
become clear by referring to Fig* 11. 

In Fig. 11, the load required to press inner tube IN 
into outer tube OU at a constant speed is indicated by the 
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vertical axis while the pressing depth is indicated by the 
horizontal axis. The straight thick solid line indicates 
the results of experiments using a fine member having a 
Vickers hardness that is 200 greater than the tubes. The 
bent thin line indicates the results of experiments using a 
fine member having a Vickers hardness that is 100 greater 
than the tubes. If the Vickers hardness of the fine menvber 
is 200 greater than the tubes, the pressing load linearly 
increases with the pressing depth. An unsatisfactory 
difference in Vickers hardness between the fine member and 
the tubes results in an irregular relationship between the 
a pressing load and the pressing depth. The inventors found 
through experimentation that control of the pressing depth 
ensures accurate control of the pressing load as long as 
the difference in Vickers hardness is at least 200. 

The experiments also show that a fine member made of 
material having a Vickers hardness that is at least 200 
3 less than the tube member material also ensures a linear 

relationship between the pressing depth and the pressing 
load- Accordingly, when the difference in Vickers hardness 
between inner tube IN and fine member W, or between outer 
tube OU and fine member W, is at least 200, energy 
absorption is extremely uniform. 

The inventors conducted many other experiments that 
resulted in the discovery that the arrangement of fine 
members W has a substantial effect on the axial rigidity of 
the tubes. This point will become clear by referring to 
Fig, 22. Fig. 22(B) shows fine members W circumf erentially 
disposed around the common center of the tubes so as to 
form an angle of 15* , an angle of 165" , an angle of 15" , 
and an angle of 165* between adjacent fine members W. 
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Each two fine members form a pair/ and the two pairs are 
widely spaced apart from each other in the direction of the 
tube diameter. In this case, both tubes tend to be easily 
deformed in an oval shape when one tube is pressed into the 
other tube. Therefore, the axial rigidity of the fitted 
tubes is relatively low. As shown in the graph of Fig. 
22(F), the pressing force that is required to press-fit the 
tubes together, or the axial load that is required to 
displace the fitted tubes relative to each other, is 
indicated by the vertical axis. The angle between each two 
adjacent fine members is indicated by the horizontal axis. 

As noted above, when the angle is 15° , the axial pressing 
q load is low. 

P- Fig. 22(E) shows the arrangement angles of the fine 

i.3 % 

members as viewed from the tube center, in which the fine 
UJ members are disposed at intervals of 30° . Thus, the four 
m fine members are equidistantly disposed around the 
a circumference. In this case, the tubes are each subjected 

to change in circumferential length when one tube is 
pressed into the other tube. Therefore, the axial rigidity 
of the assembled tubes is very high. As shown in Fig- 
22(F), the axial load, required to displace the fitted tubes 
relative to each other is very large. 

Figs. 22(B) to (D) show arrangement angles that are 
between 15 0 and 90 6 . As the intervals between the 
adjacent fine members approach regular intervals, the axial 
load becomes larger. To the contrary, as the intervals 
become more irregular, the axial load becomes smaller. 

This relationship enables the ' energy absorption 
properties to be changed while still using the same 
components- By disposing the fine members at regular 
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intervals, the axial load of the energy absorbing type 
steering tube will be large. By disposing the fine members 
at irregular intervals, the axial load of the energy 
absorbing type steering tube will be small. 

Figs. 23(A) to (C) show various arrangements of three 
fine members. Figs. 23(D) to (F) show various arrangements 
of six fine members. By selecting one of these 
arrangements, the axial rigidity can be modified. The 
arrangements shown in Figs. 23 (A) and (D) provide high 
rigidity while the arrangements shown in Figs. 23(C) and 
(F) provide low rigidity. 

The above-described second embodiment provides an 
G example of using the present invention at the position 

cm 

between the outer tube and the inner tube. However, the 
UJ present invention may be utilized at a position between an 
:2 outer shaft and an inner shaft, in which case the inner 

» shaft may be solid or tubular. The present invention can 

also be utilized at a position between an outer tube member 
of a bracket, which is affixed to a vehicle body, and a 



*W steering tube, 
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Fig. 12 shows an assembling apparatus according to 
the third embodiment of the present invention. The 
assembling apparatus of the present embodiment is similar 
to the assembling apparatus of Fig. 8. Therefore/ only 
different features will now be discussed. In the 

assembling apparatus, jig 55B includes load cell 55D in 
order to measure the required pressing load. The 
assembling apparatus performs the assembly while measuring 
the pressing load. Fine member W is cut when the pressing 
load reaches a predetermined value. 

Fig. 13 schematically shows the relationship between 
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the pressing depth and the pressing load. Reference mark A 
indicates the relationship between the pressing depth and 
the pressing load for product A. Reference mark B 
indicates the relationship between the pressing depth and 
the pressing load for product B that was manufactured 
according to the same dimensional specification as product 
A- As was described above , the present invention reduces 
the effects of differences in dimensional tolerances of the 
components on the pressing load, which contributes to 
making the pressing load uniform. Products A and 3 are 
substantially similar to each other as compared to prior 
art products. However, in Fig. 13, a large difference 
between products A and B is shown for the purpose of 
illustration, 

The above discussion does not mean that the 
dimensional tolerances of the components will not have any 
effect on the pressing load. According to precise 
measurements, the pressing load varies from product to 
product. The apparatus of Fig- 12 measures the pressing 
load using load cell BSD while continuing to press at the 
constant speed- The apparatus then cuts fine member W when 
the measured pressing load reaches a predetermined value - 
Thereafter, the apparatus keeps the pressing load constant 
when inner tube IN is further pressed. Consequently, all 
the products are adjusted to the predetermined pressing 
load. By utilizing such features in the assembling 
apparatus, in which one tube is pressed into the Other tube 
while the pressing load is measured, and then fine member W 
is cut when the pressing load reaches the predetermined 
value, a batch of steering tubes can be assembled with high 
efficiency and differences in energy absorption performance 
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between the products also can be minimized. 

The above-described assembling apparatus includes a 
step of extending a plurality of fine members W along the 
axial direction of the outer shape of inner tube IN (see 
Figs. 8 and 12} or the inner shape of outer tube IN (see 
Fig. 5) and .a step of press-fitting outer tube OU around 
inner tube IK while prohibiting inner tube IN from directly 
contacting outer tube IN by means of fine members W, 
thereby assembling a batch of steering tubes having uniform 
energy absorption performance. 

Each of the fine members employed in the illustrated 
U embodiments is wound around the drum. However, in the 
j :5 present invention, pre-formed fine members may instead be 
m disposed between inner tube IN and outer tube OU. Figs. 14 
through 21 show examples of pre-formed fine members* 

With reference to Fig. 14, first fine member Wl, 
second fine member W2, and connection WT, which form a pair 
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3 of fine members, are made from a single piece of material. 
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In this case, two pairs are used* The other pair includes 
third fine member W3 and fourth fine member W4 . Each 
connection WT is positioned on the inner end of inner tube 
IN and then inner tube IN is pressed into outer tube OU, or 
outer tube OU is press-fitted around inner tube OU. 

The cross section of fine member W may be circular, 
because this shape can be inexpensively formed. However , 
when it is necessary to fit together the components such 
that the rigidity in the axial direction is low and the 
rigidity in the rotating direction is high., a variety of 
cross-sectional shapes can be used, as shown in Fig. 15. 
The fine member is not required to be solid, but also may 
be hollow. 
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Fig. 16(A) shows examples of fine members fixedly 
coupled to the end face of outer tube OU, in which fine 
members Wl, W2 are disposed along the inner face of outer 
tube OU in the axial direction. Fine members W are 
connected together by connections Wf, Wc. Bent portions 
Wa, Wd are fixedly coupled to the end of outer tube OU in 
order to prohibit axial movement of the fine members. Fig. 
16(3) shows another example of pre-formed fine members, in 
which fine members Wl, W2, W3, W4 are formed from a single 
piece of material. 

Fig. 17(A) shows another example of a pair of pre- 
formed fine members, in which fine members Wl, W2 have 
different diameters. As shown in Fig. 17(B), this type of 
fine member is used in two pairs. Thus, inner tube IN 
having an oval cross-sectional outer shape may be pressed 
into outer tube OU having a circular cross-sectional inner 
shape, or inner tube IN having a circular cross-sectional 
cuter shape may be pressed into outer tube OU having an 
oval cross-sectional inner shape. 

Fig. 17(C) shows another example of a pair of pre- 
formed fine members, in which the cross-sectional shapes of 
the fine members are different from each: other. Thus, a 
circular cross^sectional tube may be fitted into an oval 
cross-sectional tube, as shown in Fig. 17(D). 

Fig. 18(A) shows another example of a pair of pre- 
formed fine members, in which fine members Wl, W2 have 
different cross-sectional shapes and the cross-sectional 
shapes gradually change along the length of the fine 
member. This type of fine member may be suitably used in 
order to modify the energy absorption properties when 
energy is absorbed. 
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If many fine members are used, the fine members may- 
be fixedly coupled to the tube end face one by one, as 
shown in Fig. 19(D), However, the fine members may instead 
be arranged in advance and coupled to the tube end face all 
at once, as shown in Fig. 18(E). 

The inventors also discovered through experimentation 
that a coupling portion/ which couples a fin© member to a 
tube end face, may be pulled into the clearance between the 
tubes . This phenomenon will cause a sudden increase in the 
pressing load, which results in unsatisfactory energy 
absorption performance. 

Fig. 19 through Fig. 21 show examples of pull-in 
prevention means provided for the coupling portions. Fig. 
H 13(h) shows a catch portion Al and Fig. 19(B) shows a loose 

3 portion Bl. In Figs. 19(c) and (D) , connections CI, C2, Dl 

each prevent this phenomenon. In Figs. 19(E) and (F), 
□ loops El and knots Fl, respectively, are shown. As shown 

in Fig. 19(D), the lengths of fine members may be different 
O from each other in order to impart anisotropy, in which 

overlapping portions of the fitted tubes are resistant to 
bending along the direction of long fine member LI, but 
tend to bend along the direction of short fine member L2 . 
In the alternative, interspaces between adjacent fine 
members may be different from each other, as shown in Fig. 
19{C), in order to impart anisotropy, in which overlapping 
portions of the fitted tubes are resistant to bending along 
the direction of the narrowly spaced fine members, but tend 
to bend along the direction of the widely spaced fine 
members . 

Fig. 20 shows additional examples of pull-in 
prevention means. In Figs. 20(A) and <bj , projecting 
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portions Al and looped portions Bl, respectively, are 
shown. In Fig. 20(C), connection CT includes spiral 
portion CI. In Fig. 20(D), other members Dl, D2, D3 are 
threaded on fine members. Figs. 20{E) and (F) respectively 
show loops El, Fl. in Fig. 20(G), loops Gl are welded. 

With reference to Fig.* 21, an end face of an outer 
tube is processed to form a pull-in prevention means. As 
shown in Figs. 21(A) and (B) , grooves for respectively 
receiving the fine members are formed in the end face of 
the cuter tube in order to prevent the coupling portions 
from being pulled into the outer tube. Referring to Fig. 
21 (O , the bottom of each groove is inwardly inclined and 
the outer edge of the outer tube defines an acute angle. 
This feature also prevents the coupling portions from being 
pulled into the outer tube. Accordingly, an acute angle 
formed between the end face of the outer tube and the side 
thereof (or an acute angle formed between the end face of a 
cylindrical inner tube and the side thereof) provides the 
pull-in prevention effect. In addition, as shown in Fig. 
21(D), this feature eliminates the need for a connection on 
the outer face of the outer tube (or on the inner face of 
the inner tube) . Fig. 21(D) shows acute inner edges of the 
outer tube, which are examples of pull-in prevention means. 

While the preferred embodiments of the present 
invention have been described, such description is for 
illustrative purposes only, and it is to be understood that 
changes and variations may be made without departing from 
the spirit or scope of the accompanying claims. The 
following is one preferred modification. Fine members may 
extend along the length of the overlapping portions of the 
fitted inner and outer tubes, thereby making the energy 
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absorption performance substantially uniform. Angular 
cross-sectional fine members tend to cause stress 
concentration and introduce plastic deformation. 
Accordingly, the dimensional tolerances of the components 
are absorbed and energy absorbing performance is made 
uniform. Hollow fine members .also tend to cause plastic 
deformation. Accordingly, adverse effects of the 

dimensional tolerances of the components are reduced. In 
addition, by modifying the circumferential interspaces 
between adjacent fine members, rigidity can be modified as 
desired. Thus, axial rigidity can be adjusted. Further, 
even if, e.g., a weld bead remains on a circular outer 
□ tubs, the fine members can be disposed so as to avoid the 

§ weld bead. This feature facilitates simple post-processing 

w. of weld beads. 

is S Lubricant can be applied to the fine members or 

.00 either one of the tubes to prevent the fine members from 

L being pulled off when one tube is pressed into the other 

«P tube . 

[!!: The above described three representative embodiments 

Q provide examples of the use of the present teachings at a 

lu position between an outer tube and an inner tube. However, 

the present teachings can be utilized at a position between 
an outer shaft and an inner shaft, in which case the inner 
shaft may be solid or cylindrical. The present invention 
can also be utilized at a position between a steering tube 
and a bracket, which includes a cylindrical member used to 
attach the steering tube to a vehicle body. 

The invention of claim 1 enables the production of 
steering devices in which a relatively low-cost/ circular 
cross-sectional inner shaft member is connected to a 
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relatively low-cost/ circular cross-sectional outer tube 
member less rigidly to a proper degree in the axial 
direction and rigidly in the rotating direction. Thus, 
energy absorbing type steering devices can be manufactured 
at relatively low cost- In addition, a batch of energy 
absorption type steering devices can provide uniform energy 
absorption performance. By changing the number, the 
quality, the thickness, etc., of the fine members, various 
types of energy absorption performance can be provided . 

The improvements according to claims 2 through 7 
enable uniform energy absorption performance for a batch of 
energy absorbing type steering devices. 

The assembling method according to claim 8 enables 
reliable assembly of a batch of steering devices having 
uniform energy absorption performance. 

The improvements according to claims 9 to 11 further 
enable uniform energy absorption performance for a batch of 
energy absorbing type steering shafts* 

The assembling apparatus according to claim 12 
enables highly efficient assembly of a batch of steering 
devices having uniform energy absorption performance. 
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CLAIMS : 

1. An energy absorbing type steering device, in which an 
outer cylindrical member is press-fitted around an inner 
Shaft member, the steering device being characterized in 
that: 

the outer shape of inner shaft member has a circular 
cross section; 

the inner shape of outer cylindrical member has a 
circular cross section and has a diameter that is larger 
than the diameter of the outer shape of the inner shaft 
member; and 

a plurality of fine members is disposed between the 
circular cross-sectional outer shape and the circular 
cross-sectional inner shape, the fine members extending 
along the axial direction of the inner shaft member and the 
outer cylinder member. 

2. An energy absorbing type steering device according to 
claim 1/ characterized in that the Vickers hardness of the 
inner shaft member and the Vickers hardness of the fine 
members differs by at least 200 or the Vickers hardness of 
outer cylindrical member and the Vickers hardness of the 
fine members differs by at least 200. 

3 . An energy absorbing type steering ' device according to 
any one of claims 1 and 2, characterized in that the 
circumferential arrangement of the plurality of fine 
members has been adjusted in accordance with the pressing 
load that is required to press-fit the outer cylindrical 
member around the inner shaft member. 
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4. An energy absorbing type steering device according to 
any one of claims 1 to 3, characterized in that the inner 
shaft member and the outer cylindrical member are fitted 
together with a clearance between the members, the 
clearance being defined at least along the length of the 
fine members in the axial direction. 

5, An energy absorbing type steering device according to 
any one of claims 1 through 4, characterized in that the 
length of the fine members in the axial direction is longer 
than or equal to a predetermined length that ensures a 

W clearance between the inner shaft member and the outer 

i ts \ 

ijj; cylindrical member when the inner shaft member and the 

outer cylindrical member absorb energy and become more 

UI - 

yj deeply fitted- 

is 

Q 6, An energy absorbing type steering device according to 

S3 

any one of claims 1 through 5, characterized in that 
Q movement of the fine members in the axial direction is 

w prohibited by fixedly coupling the fine members to an end 

^~ face of the inner shaft member or to an end face of the 

outer cylindrical member* 

1 . An energy absorbing type steering device according to 
claim. 6, characterized in that a pull-in prevention means 
is disposed on the end face of a coupling portion of each 
of the fine members. 

8 . A method for assembling an energy absorbing type 
steering device by press-f itting an outer cylindrical 
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member around an inner shaft member, the method being 
characterized by: 

a step of extending a plurality of fine members along 
the axial direction of an outer shape of the inner shaft 
member or an inner shape of the outer cylindrical member ; 
and 

a step of pressing-fitting the outer cylindrical 
member around the inner shaft member while providing a 
clearance between the inner shaft member and the outer 
cylindrical member by means of the fine members, the 
clearance being defined at least along the length of the 
fine members that are interleaved between the members. 

9. A method according to claim 8, characterized in that at 
least one of the inner shaft member, the outer cylindrical 
member, or the fine members is deformed beyond an elastic 
limit thereof during the pressing step. 

10. A method according to any one of claims 8 and 9, 
further characterized by a step of measuring the pressing 
load being applied during the pressing step, and a step of 
cutting the fine members when the measured pressing load 
reaches a predetermined value. 

11. A method according to any one of claims 8 to 10, 
further characterized by a step of extending a 
predetermined length of the plurality of fine members along 
the axial direction of the inner shape of the outer 
cylindrical member/ and a step of pressing the inner shaft 
member while prohibiting the fine members from being 
axially pulled further into the outer cylindrical member. . 
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12. An apparatus for assembling an energy absorbing type 
steering device being characterized by: 

a device for press-fitting an outer cylindrical 
member around an inner shaft member; and 

a fine member supply device, disposed adjacent to the 
pressing device/ for supplying a plurality of fine members 
into a clearance defined between an outer shape of the 
inner shaft member and an inner shape of the outer 
cylindrical member- 

Q 13. A device according to claim 1/ characterized in that 

2 the inner shaft member is an inner tube or an inner shaft/ 

;|| and the outer cylindrical member is an outer tube or an 

f *j outer shaft - 

I 

!L 14 ■ A method according to claim 8, characterized in that 

JS p the inner shaft member is an inner tube or an inner shaft/ 

J and the outer cylindrical member is an outer tube or an 



Q outer shaft. 



15. An apparatus according to claim 12, characterized in 
that the inner shaft member is an inner tube or an inner 
shaft/ and the outer cylindrical member is an outer tube or 
an outer shaft. 
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ABSTBAC? 

The present invention realizes a steering device in 
which the dimensional tolerances of the components and 
variations in the finish thereof impart liztle adverse 
effects on the energy absorption performance of the device. 
In the energy absorption type steering device , an outer 
cylindrical member, or an outer tube, is press-fitted 
around an inner shaft member, or an inner tube. The outer 
shape of the inner shaft member and the inner shape of the 
outer cylindrical member have a circular cross section and 
the diameter of the inner shape of the outer cylinder 
member is larger than the diameter of the outer shape of 
the inner shaft member. A plurality of fine members is 
disposed along the axial direction between the circular 
cross-sectional outer shape and the circular cross- 
sectional inner shape in order to provide a clearance 
between the inner shaft member and the outer cylindrical 
member. 

In the energy absorbing steering device, the inner 
shaft member and the outer cylindrical member each include 
a portion that substantially contributes to energy 
absorption, and the fine members prohibit the inner shaft 
member from directly contacting the outer cylindrical 
member at least in this portion. Thus, the energy 
absorption performance is less susceptible to the effects 
of dimensional tolerances of the inner shaft member and 
outer tube member and variations in the finish thereof - 
Accordingly, a robust technique is achieved - 
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